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A surface plasmon resonance (SPR) sensor using a molecularly imprinted polymer (MIP) film as a recognition element for detec-
tion of 2,4,6-trinitrotoluene (TNT) was developed. The TNT-imprinted polymer film was prepared by thermo initiated polymeri-
zation on the bare Au surface of an SPR sensor chip. Template TNT molecules were quickly removed with an organic solution of 
acetonitrile/acetic acid (9:1, v/v), causing a shift of 0.7° in SPR angle. The limit of detection for TNT was demonstrated to be as 
low as 1×10−8 mol/L. In the concentration range of 1×10−8 −1×10−5 mol/L, the change of SPR angle was linear with the negative 
logarithm of TNT concentration. Selectivity studies showed that the SPR sensor had no response to TNT analogues 
2,4,5-trinitrotoluene and 1,3,5-trinitrohexahydro-1,3,5-triazine at a concentration of 1×10−4 mol/L. The results suggest that the 
SPR sensor combined with a MIP film has the advantages of high sensitivity and selectivity, and long-term stability toward the 
analyte TNT. 
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Because of the urgent needs of national security, human 
health and environmental protection, detection of nitroex-
plosives has attracted increasing attention in recent years [1]. 
2,4,6-Trinitrotoluene (TNT) is a well-known explosive 
compound that has been widely used both in industry and 
military/terrorist activities. A variety of methods have been 
developed to determine the concentration of TNT including 
fluorescence [2–4], infrared [5], and luminescence spec-
troscopies [6], immunochemistry [7], and electrochemistry 
[8,9]. Of these, detection methods based on immunoassays 
are the most sensitive [10,11], but they are time consuming 
and unstable, which makes them unsuitable for on-site de-
tection. Thus, it is very important to develop a novel tech-
nology for detecting TNT rapidly and sensitively. One of 
the most promising approaches is surface plasmon reso-
nance (SPR) sensors, which are small and portable for 
on-site detection. Recently, Kawaguchi et al. [12] reported a 
SPR sensor based on an antigen-antibody reaction for TNT 
determination. Riskin et al. [13] developed a bisaniline- 
cross-linked Au nanoparticle matrix and achieved ultrasen-
sitive detection of TNT using this SPR sensor. 
SPR is a quantum optical-electrical phenomenon existing 
at the interface between a thin film of metal and a dielectric 
medium, and is extremely sensitive to changes in refractive 
index occurring within approximately a few hundred na-
nometers from the sensor surface [14]. Any change in the 
environment within this range will be transformed into an 
optical signal by an SPR sensor. Therefore, SPR sensors 
have become a central tool for characterizing and quantify-
ing molecular interactions occurring at surfaces. Various 
types of recognition elements are available to allow SPR 
sensing platforms to be designed for specific detection of 
chemical and biological substances [15].  
Molecularly imprinted polymers (MIPs) mimic the action 
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of antibodies and enzymes to allow highly selective molec-
ular recognition, and can be used as the recognition element 
in sensors [16,17]. MIPs have proven their potential in TNT 
detection because of their simplicity, reliability and low cost 
[8,18,19]. In the present work, we develop a novel SPR 
sensor platform for TNT detection using MIP film coated 
on an SPR chip. The particular recognition ability of the 
MIP template combined with SPR sensing characteristics 
might realize an ideal measurement system that is highly 
sensitive and selective, and relatively inexpensive for on- 
site detection of TNT and related compounds. 
1  Experimental 
1.1  SPR measurements  
The SPR spectrometer used in this study (Figure 1) was 
homebuilt. From the He-Ne diode laser source (632.8 nm,  
5 mW), the light traveled through a chopper, polarizer and 
then into a sample cell. The sample cell consisted of a 
right-angled LaSFN9 prism in the Kretschmann configura-
tion, which was coupled with a LaSFN9 slide (2.5 cm ×3.0 
cm) using index-matching oil. The glass slide was used as a 
substrate for deposition of a layer of Au with a thickness of 
47 nm. A homebuilt flow cell (0.8 mL) was mounted over 
the slide using a rubber o-ring so that it tightly adjoined the 
gold surface. A peristaltic pump introduced sample liquid 
into the cell at a flow rate of 0.5 mL/min. The sample cell 
was placed on a circular stage. Reflected light from the 
sample cell was measured by a silicon photodiode detector.  
 
Figure 1  Schematic diagram of the homebuilt SPR sensor. 
Its motion was controlled by a second rotation stage rotating 
at a rate of 2:1 (detector to prism). All data were collected 
and analyzed using in-house software.  
1.2  Preparation of TNT-MIP and non-imprinted  
polymer (NIP) films  
The MIP film was prepared by thermopolymerization on the 
bare gold surface of the SPR substrate as described in the 
ref.[20] with some modifications (as shown in Figure 2). 
First, the template molecule TNT (0.025 mol/L) and the 
functional monomer acrylic acid (AA, 0.15 mol/L) were 
dissolved in acetonitrile (3 mL) and rested for 2 h to allow 
preorganization of template with the monomer. The cross-




Figure 2  Preparation of a TNT-imprinted polymer film. 
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and initiator 2,2’-azobis(2-methylpropionitrile) (AIBN, 
0.012 g/mL) were then added to the pre-polymerization 
solution, followed by ultrasonication for 10 min. The mixture 
was purged with nitrogen gas for 10 min and then added 
dropwise onto a glass slide coated with trimethylchlorosilane. 
The SPR substrate was immediately placed on the glass slide 
with the Au surface facing downwards and fastened tightly 
with clips. Parafilm was sandwiched between the two glass 
slides as a spacer. Polymerization was carried out at 60C for 
5 h under an atmosphere of nitrogen. A NIP film was synthe-
sized as a reference under exactly the same conditions with-
out template. The film coated on an SPR chip was washed 
with acetonitrile and ethanol several times and then dried 
under a stream of nitrogen gas. 
2  Results and discussion 
To create recognition cavities in the TNT-MIP film, remo- 
val of the template molecules was carried out following 
polymerization. Considering the non-covalent interaction 
between AA monomers and template TNT in the imprinted 
polymer, a mixture of acetonitrile and acetic acid was used 
to wash TNT from the template. Removal experiments were 
carried out by adding 5 mL of acetonitrile/acetic solution in 
volume ratios of 9:1, 8:2 and 7:3. Each solution was in-
jected for 10 min and then the SPR response was measured 
in acetonitrile to assess the removal of TNT. Figure 3 shows 
SPR angular reflectivity spectra before and after rinsing 
with acetonitrile/acetic acid solution with a ratio of 9:1. A 
distinct shift of resonance angle from 68.9° to 68.2° result-
ing from a decrease in the refractive index of the film can be 
mainly attributed to removal of template TNT. The SPR 
angle did not change in subsequent washing experiments 
using an increased proportion of acetic acid, indicating that 
9:1 is the optimum volume ratio allowing easy and thorough 
removal of TNT. In addition, the amount of crosslinker 
 
 
Figure 3  SPR angular reflectivity spectra of a TNT-MIP film in acetoni-
trile before (a) andafter (b) rinsing with acetonitrile/acetic acid (9:1, v/v). 
The inset shows an enlargement around the resonance angle. 
influenced the efficiency of template removal. An 8:1 mo-
lar ratio of crosslinker to template was optimal for this ex-
periment. When the ratio was greater than 8:1, the reso-
nance angle shifted less than 0.1 after washing, which 
means that TNT molecules were not efficiently removed. 
When the ratio was less than 8:1, although the templates 
were easy to remove, the MIP films became unstable. 
Adsorption experiments were used to further investigate 
the recognition ability of the MIP film. Solutions of TNT in 
acetonitrile with a range of concentrations from 10−8 to 10−5 
mol/L were successively injected into the flow cell at a flow 
rate of 0.5 mL/min. The injection of each TNT sample last-
ed for 900 s to reach equilibrium adsorption, and then the 
film was rinsed with background solvent (acetonitrile) for 
300 s. As illustrated in Figure 4(a), a gradual change in the 
SPR dip during adsorption with increasing concentration of 
TNT indicated the capture of TNT molecules by imprinted 
sites. A plot of the change in resonance angle (∆θ) versus 
the negative logarithmic concentration of TNT (−lg[TNT]) 
exhibited a good linear response (R2 = 99.49%) in the 
 
 
Figure 4  (a) SPR spectra of a TNT-MIP film after exposure to different 
concentrations of TNT. Curve 1, after rinsing; Curve 2–5, 1×10−8, 1×10−7, 
1×10−6, and 1×10−5 mol/L, respectively; and Curve 6, before rinsing. Inset 
is an enlargement around the resonance angle. (b) Calibration curve of the 
change in SPR dip (∆θ) versus the negative logarithmic concentration of 
TNT, fitted with a linear function.  
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concentration range of 10−8 to 10−5 mol/L, as can be seen in 
Figure 4(b). This suggests that the sensor chip readily ad-
sorbs TNT and has a low limit of detection. As a control 
experiment, no noticeable change in SPR spectra were ob-
served for a NIP film for TNT concentrations from 1×10−8 
to 1×10−3 mol/L, which indicated that no specific or non- 
specific binding of TNT occurred on the NIP. In addition, 
the MIP film exhibited good repeatability and stability after 
more than ten regeneration cycles. 
The selectivity of the SPR sensor was evaluated by ex-
posing it to structurally related analogues of TNT, 2,4,5- 
trinitrotoluene (2,4,5-TNT) and 1,3,5-trinitrohexahydro-1,3, 
5-triazine (RDX) (chemical structures are shown in Figure 
5). As shown in Figure 6, there was no obvious change of 
the resonance angle (less than 0.1°) when these two samples 
dissolved in acetonitrile at a concentration of 10−4 mol/L 
were exposed to the SPR chip. These results demonstrated 
that the TNT-imprinted films had very good selectivity for 
TNT molecules. 
3  Conclusions 
In summary, a novel SPR sensor containing a TNT-    
imprinted polymer film as a recognition element was de-
veloped. The sensor demonstrated high sensitivity and se-
lectivity for a non-labeling method that detects TNT. This 
work not only offers a new method for in situ monitoring of  
 
 
Figure 5  Chemical structures of TNT and analogues. 
 
Figure 6  Change of SPR angle of a TNT-imprinted polymer film after 
adsorption with 10−4 mol/L TNT, RDX and 2,4,5-TNT. 
TNT but also has great potential for distinguishing TNT 
from other explosives. 
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